A sterile meningitis will develop in certain patients after neurosurgical procedures. Although a sterile postoperative meningitis has been described in the neurosurgical literature since the time of Cushing et al. [1, 2] , this entity is not known to many specialists in infectious diseases and neurology who may be involved in the care of patients with meningitis. There is only limited information to help distinguish such patients from those with bacterial meningitis [3] [4] [5] . We reviewed the characteristics of 70 consecutive individuals with meningitis after neurosurgery, in an attempt to better describe the entity of "aseptic postoperative" or "chemical" meningitis and to help differentiate it from infection. Meningitis caused by a bacterial infection can yield negative culture results [6] . Therefore, we considered a postoperative meningitis to be noninfectious only if the results of spinal fluid cultures were negative and the patient recovered without receiving any antibiotics. 
A sterile meningitis will develop in certain patients after neurosurgical procedures. Although a sterile postoperative meningitis has been described in the neurosurgical literature since the time of Cushing et al. [1, 2] , this entity is not known to many specialists in infectious diseases and neurology who may be involved in the care of patients with meningitis. There is only limited information to help distinguish such patients from those with bacterial meningitis [3] [4] [5] . We reviewed the characteristics of 70 consecutive individuals with meningitis after neurosurgery, in an attempt to better describe the entity of "aseptic postoperative" or "chemical" meningitis and to help differentiate it from infection. Meningitis caused by a bacterial infection can yield negative culture results [6] . Therefore, we considered a postoperative meningitis to be noninfectious only if the results of spinal fluid cultures were negative and the patient recovered without receiving any antibiotics.
PATIENTS AND METHODS
Patients discharged from the Lahey Clinic Medical Center, Burlington, Massachusetts, from October 1982 through September 1993 who had a spinal tap after a neurosurgical procedure were identified by searching a computer database for lumbar punctures, and their medical records were reviewed. A computer search of positive spinal fluid isolates from the microbiology laboratory was used as a secondary data source. Postoperative meningitis was diagnosed when the patient had 15 / 25 ϫ 10 L) but no headache, change in mental status, or fever (or whose fever was the result of another process) and who had negative results of spinal fluid cultures and negative Gram stain results were excluded.
Chemical meningitis was defined as meningitis with negative spinal fluid Gram stain and negative results of spinal fluid cultures plus patient recovery without the In patients who received antibiotics after their spinal tap, the therapeutic regimen was defined as the iv antibiotic regimen used for the longest part of the treatment period. Postoperative CT and MRI studies were available in 10 patients with bacterial meningitis and in 6 patients with chemical meningitis and were reviewed by a neuroradiologist who was unaware of the postoperative clinical information. A total of 11 patients had CT and 5 had MRI with or without CT; in 9 of 16 patients, iv contrast was administered. The Department of Neurosurgery attends almost exclusively to adult patients.
Statistical analysis was performed using x 2 analyses or Fisher's exact test, when appropriate, to determine significant associations between groups and the presence or absence of certain symptoms and findings. When variables were numeric (e.g., CSF RBC, and WBC counts), t tests for independent samples assuming equal variance were used to compare groups of patients. Data were tabulated and computed using SPSS software, version 7.5. Associated disorders. The prevalence of diabetes and of steroid administration before the development of meningitis was similar in the different groups. Positive results of urine cultures were found for 2 of the 18 patients with bacterial meningitis for whom a urine culture was performed (in 1 patient, the same organism was found in both urine and spinal fluid). Positive results of urine cultures were also found for 6 of 25 patients of chemical meningitis. Spinal fluid glucose levels were low (!40 mg/dL, or less than one-half of blood glucose levels in nondiabetics or less than onethird of blood glucose levels in diabetics) in 8 of 17 patients with bacterial meningitis for whom this test was available (figure 2) and for 6 of 30 patients with chemical meningitis ( ). A P p .095 glucose level of !10 mg/dL was rarely present, but only in patients with bacterial meningitis or with IC meningitis. Patients with chemical meningitis who had a decreased CSF glucose level usually had a high CSF RBC count (115,000/mL in 5 of 6 patients;
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). The mean CSF protein level was similar in all groups P p .041 ( figure 3) .
Results of a spinal fluid Gram stain were positive for 5 (25%) of 20 patients with bacterial meningitis. The spinal fluid cultures grew mixed organisms in 3 instances and a single organism in 17 instances (table 2) . Staphylococcus aureus, in pure or mixed culture, was the most common etiologic organism found (8 of 20 patients).
Seven of 20 patients with bacterial meningitis had positive results of blood cultures, although 2 of the isolates were thought to represent contaminants. Four of the 5 significant isolates were the same organism that was found in the spinal fluid. Of the 20 patients with chemical meningitis who had blood cultures performed, there was a single instance of a positive results of a culture of a blood sample, which was found subsequent to the resolution of the meningitis.
In 3 patients with bacterial meningitis who had received recent antibiotics, the initial results of CSF cultures were negative, and subsequent results were positive. Five additional patients had negative initial results of CSF cultures, with simultaneous or subsequent findings of a parameningeal focus of infection. 
Clinical Characteristics
Onset of fever. The febrile illness of 24 patients with chemical meningitis leading to CSF examination started on the day of surgery or on the first postoperative day (figure 4). Spinal fluid examination was performed during the first 2 postoperative days for 12 of these patients. In 13 of the patients with bacterial meningitis, there was some fever by the first postoperative day. Fever was often biphasic, however, and the febrile illness leading to CSF examination started in the first 2 postoperative days for only 5 of the 20 patients with bacterial meningitis. Spinal fluid examination was performed within the first 2 postoperative days for 1 patient and within 1 week of surgery for 5. Three patients with bacterial meningitis with CSF leaks had meningitis 1100 days after surgery.
Symptoms. A temperature у39.4ЊC (T max у39.4ЊC) was present in 6 patients with bacterial meningitis and in 2 patients with chemical meningitis (table 3) . None of the patients with chemical meningitis had temperatures у40ЊC. Fever lasted 11 week in 70% of patients with bacterial meningitis and in 40% of patients with chemical meningitis. Similar proportions of patients in each group had headaches, vomiting, neck stiffness, somnolence, confusion, or agitation. Periods of unconsciousness occurred in 3 patients with bacterial meningitis but were not encountered in any patient with chemical meningitis. One patient with bacterial meningitis and 1 patient with IC meningitis without a prior history of seizures had a convulsion.
Wound abnormalities and CSF rhinorrhea. In 5 patients with bacterial meningitis, there was drainage through the nose or ear; in 4 of these patients, the drainage was confirmed to be spinal fluid either by glucose testing or by subsequent surgical repair. A total of 11 patients had у1 wound abnormalities. There was wound drainage in 9 patients, which was purulent in 5; 7 patients had swelling, tenderness, or erythema of the wound. Four patients had neither any drainage from the nose or ear nor any wound abnormality. Two patients with chemical meningitis had an uncharacterized drainage from their nose or ear; 7 had у1 wound abnormalities, consisting of serosanguinous drainage, swelling or subgaleal fluid without tenderness or erythema, or minimal tenderness (2 patients), 1 of whom had 0 to ϩ1 erythema. A total of 21 patients had no drainage from the nose or ear and no wound abnormality ( ). P p .001 Imaging studies. In 4 of 10 patients with bacterial meningitis and in 4 of 6 patients with chemical meningitis, blood was visible at the surgical site or within the ventricles or extracerebral spaces. In 3 patients with bacterial meningitis and in 1 patient with chemical meningitis, blood was within the ventricles or extracerebral spaces. There was contrast enhancement, usually at the surgical site without generalized meningeal enhancement, for 3 of 6 patients with bacterial meningitis and for 2 of 3 patients with chemical meningitis who received an iv contrast agent.
Response to therapy. Defervescence within 3 days of starting iv antibiotics occurred in 6 patients with bacterial meningitis and in 8 patients with IC meningitis and took у1 week in half of the patients with bacterial meningitis.
Therapy. In 19 patients with bacterial meningitis, antibiotic therapy was started before their spinal tap or on the day of the procedure. In 1 patient who subsequently recovered and who had a temperature of 38ЊC without change in mental status, treatment was started 3 days after the spinal tap.
The therapeutic regimens given to patients with bacterial meningitis were more diverse and more often narrower in spectrum than those given to empirically treated patients. Chloramphenicol was prescribed for 3 patients (1 patient each with Bacteroides fragilis, Enterobacter, and Klebsiella species). Penicillin or ampicillin was prescribed for the 4 patients with streptococcal infection. Vancomycin, third-generation cephalosporins, and aminoglycosides were prescribed more frequently for patients treated empirically.
A total of 5 of 9 patients with S. aureus and 4 of 5 patients with aerobic Gram-negative meningitis received 114 days of iv-administered antibiotics; 6 were treated for у20 days. One patient with IC meningitis received 12 weeks of iv antibiotics (table 4) . A single antibiotic agent was used for the most of the treatment period in 8 patients with bacterial meningitis and in 3 patients with IC meningitis; the remainder received combination treatment.
Outcome. A total of 27 patients with chemical meningitis were seen in follow-up 12 weeks after their discharge from the hospital (mean, 1.5 months). No deaths or subsequent CNS infections were observed among patients with chemical meningitis. The average duration of hospitalization was 28.7 days for patients with bacterial meningitis, 11.5 days for patients with chemical meningitis, and 17.8 days for patients with IC meningitis.
DISCUSSION
Cushing [1, 2] and, subsequently, other authors [3] [4] [5] [6] described a culture-negative, presumed chemical meningitis. Finlayson and Penfield [7] found this process in 1.6% of 1200 craniotomies and in 7% of suboccipital craniotomies for tumor. Carmel and colleagues [8] found a chemical meningitis in 35 of 50 children undergoing posterior fossa surgery. In several series [4, [9] [10] [11] , chemical meningitis accounts for the majority of instances of meningitis seen after neurosurgery.
Most authors [3-5, 9, 10, 12] believe that bacterial and chemical meningitis have similar clinical and spinal fluid findings. A CSF leak and focal neurological defects were observed by Ross and colleagues [4] only in patients with bacterial meningitis, and the levels of peripheral WBC and CSF WBC and polymorphonuclear leukocytes were somewhat higher, on average, in their bacterial group. Roland and colleagues [13] found a CSF glucose level of р30 mg/dL and a CSF WBC count of 13000/mL in their 2 patients with bacterial meningitis. Studies of risk factors of postoperative infection in patients undergoing neurosurgery have found an increased risk of infection in individuals having tumor resection, especially for gliomas [14] transsphenoidal surgery [15] , and CSF leaks or infections outside of the nervous system [16] . We reviewed the records of 70 patients with meningitis occurring after neurosurgical procedures. The spinal fluid findings in chemical meningitis were similar to those of patients with bacterial meningitis, usually with a predominance of polymorphonuclear WBCs, with or without a decreased CSF glucose level and with or without an elevated CSF protein level. However, a spinal fluid WBC count of 17500/mL and a glucose level of !10 mg/dL were present only in patients with bacterial meningitis.
There were a number of clinical distinctions between patients with chemical meningitis and those with bacterial infection. Few of the patients with chemical meningitis had undergone procedures involving the sinuses or the spine, although 60% of the patients with bacterial meningitis occurred after these types of procedures.
CSF rhinorrhea and otorrhea were not found in chemical meningitis, and wound inflammation was uncommon and minimal when present. It was unusual in our patients with chemical meningitis to have a temperature 139.4ЊC. Periods of unconsciousness, a new onset of seizure disorders, and new focal neurological findings were not seen with chemical meningitis. Chemical meningitis often occurred in the immediate postoperative period, with a temperature elevation starting on the day of surgery or the first postoperative day, in 24 of 30 patients.
The pathogenesis of aseptic postoperative meningitis is not completely understood. It has been proposed that, after transection of the dura and the arachnoid, substances derived from the breakdown of RBCs or from surgical materials lead to an inflammatory reaction (chemical meningitis) [3] . Experimental injection of various substances into the subarachnoid space (including saline solution, air, casein, and blood) has produced a neutrophilic pleocytosis and clinical illness [17, 18] . This experimental meningitis occurs within 24 h, with persistence of pleocytosis for 3 or 4 weeks. In our patients, the presence of RBCs did not help to differentiate between bacterial and chemical meningitis, although very high CSF RBC counts (15000/mL) were more frequently seen in patients with an aseptic meningitis ( ) . P p .018
Treating all patients who have postoperative meningitis with empiric antibiotics can lead to exposure to unnecessary antibiotics, added costs, and toxicity. The duration of hospitalization was 55% longer for our patients with IC meningitis than for patients not treated with antibiotics.
Response to antibiotics is an unreliable criterion for diagnosing or excluding bacterial meningitis. One half of our patients with proven bacterial meningitis remained febrile, despite antibiotic treatment, for у1 week.
An empiric treatment course of 10 days for culture-negative disease may not be long enough for (culture-negative) S. aureus or Gram-negative meningitis (caused by organisms other than Hemophilus influenzae).
One potential approach to the management of patients with postoperative meningitis is to treat all patients with CSF pleocytosis for 2 or 3 days until the preliminary results of blood and spinal fluid cultures become available and to discontinue treatment if the results are negative at that time. This plan of therapy has been attempted in a randomized trial in 1 small series [10] . All of the 11 patients with negative results (in whom antibiotics were discontinued) recovered. In this series, however, patients with CSF fistulas and wound infections were excluded, and the duration of follow-up time was not specified. Of our patients with bacterial meningitis, 15% had initially negative results of CSF cultures; they had received antibiotics within the week preceding their lumbar puncture. Another 25% had CSF pleocytosis with negative results of CSF cultures but positive results of cultures from a parameningeal focus.
Chemical meningitis is a common complication after neurosurgery. Patients with this problem can often be differentiated from patients with bacterial meningitis.
We avoided giving any antibiotic treatment to 43% of our patients with postoperative meningitis without jeopardizing patients with bacterial infections. It is possible that this distinction may be made more easily with clinical experience. Differentiating between the 2 entities may offer an alternative to simpler and perhaps oversimplified approaches to the management of patients with postoperative meningitis, such as using the results of an initial CSF culture as the only criterion for making therapeutic decisions because results of spinal fluid cultures can be negative in patients with bacterial infections of the nervous system.
